ABSTRACT Broadcast technology is at the beginning of a new era. It is characterized by the intensive use of the most advanced digital modulations formats (8VSB, QAM, OFDM) in combination with high power RF amplifiers. To date the linearity required for these digital formats has only been accomplished in cumbersome low efficiency class A amplifier or even more cumbersome feed-forward systems. A potentially more efficient and cost effective approach is the combination of non linear power amplifiers and a predistortion technique capable of compensating for the non linear amplifiers. Digital predistortion will provide a highly linear output and improved efficiency. Itelco has developed a digital adaptive base band predistorter to provide for improved performance and cost. The technique is independent of the modulation type, the output frequency, or the signal bandwidth. Furthermore the capability of automatic adaptive predistortion to compensate for the environment (temperature, power supply variations, aging ,and even operation during replacement of a faulty module) is highly desirable.
I. Introduction
A new era has started in the broadcast industry and is characterized by the introduction of digital technology. This digitalization involves both the signal generation (source coding) and the modulation (channel coding). New standards have been proposed, and almost accepted, for both video and audio transmissions:
• The Grand Alliance HDTV is now under experimental use in U.S. while the DVB standard is operational in Europe for satellite and cable TV transmissions. DVB is almost completely defined for Terrestrial TV systems.
• Digital audio transmission has already started in Europe and
Canada with the Eureka-147 system and a digital system is also expected to be introduced in U.S. in the next two years.
The Grand Alliance HDTV uses the 8VSB modulation, while in Europe DVB and Eureka-147 are using OFDM. These modulations do not have a constant envelope, implying higher sensitivity to non linear distortions. This fact has a great impact on the High Power Amplifier (HPA) linearity requirements in order to achieve acceptable intermodulation distortion. The non linearity effects on the output signal are not a new problem: satellites, cellular, radio relay links, radar must also take into account the HPA non linearity. However the broadcast applications exacerbate this aspect due to the wide band spectra and the required high power compared with other applications. Two kind of distortion are to be considered: amplitude and phase. Real amplifiers have a maximum output power (saturation level) and an input-output power relationship that will depart from a straight line as the output power approaches the saturation level: this is referred as AM/AM distortion. Similarly a phase shift depending on the power level will also occur, generating AM/PM distortion. The final effect of AM/AM and AM/PM distortion is the generation of unwanted spectral energy both in-band and out-ofband. The in-band energy will cause distortion of the transmitted signal and out-of-band energy will cause ACI (Adjacent Channel Interference). One way to reduce the effects of non linearity is to drive the HPA with a high back-off and a consequent lower power efficiency. In order to improve the efficiency and consequently reduce size and cost of the broadcast transmitters, the linearity of HPA must be increased: one solution is the use of predistortion techniques. A pre-distorter is a device that generates a distortion that compensates for the HPA distortion. The result of a pre-distorter is that the HPA can operate at higher power with the same level of distortion or the same power with lower distortion. Following are several types of pre-distortion techniques that have been proposed:
• Data pre-distortion with or without memory [3] , [4] • Signal pre-distortion: performed at RF, IF, or at Base-Band [5] , [6] , [7] .
The feed-forward approach takes a sample from the amplifier output and removes the main signal leaving only the distortion products and subtracts this distortion signal from the output. This system is quite complex, requiring extra components, fine adjustments, extra power for the losses introduced on the main signal and additional power to generate the distortion signal. Data pre-distortion is a technique that considers the data vector space (constellation), pre-distorting it in order to counteract the distortion introduced by the HPA. It only compensates the distortion at the sampling instant and it does not eliminate outof-band distortion. Data predistortion is dependent on the modulation type and should not be applied to complex modulations such as OFDM. Finally, the signal pre-distortion method generates a predistorted signal which, when passed through the HPA, will emerge without distortion. The total effects of an ideal signal pre-distorter combined with an HPA is a linear function up to the HPA saturation level. For this reason, a signal pre-distorter eliminates both in-band and out-of-band distortions, as long as the signal does not exceed the saturation level.
Theoretically the signal pre-distortion can be realized at RF, at IF or at the Base-Band. The RF approach is not desirable because it requires a specific circuitry for each frequency band as well as alignment at that frequency and stability of the environmental parameters. The IF and Base Band approaches solve these problems by being independent from the final frequency. They are more stable, with regard to environmental parameters, due to the lower operating frequency. The only critical aspect for these approaches is the increased linearity requirements from the predistorter output up to the HPA. Since the pre-distorter generates some out-of-band energy, the bandwidth of the signal increases and the intermediate stages must avoid linear distortions over a wider bandwidth up to the HPA. ITELCO has developed its own solution based on a Signal Base Band Pre-distorter with a complete digital realization. The following are the advantages of this approach:
• The pre-distorter is totally independent from the modulation system (8VSB, OFDM, QAM, ...).
• The pre-distorter eliminates both in-band and out-of-band distortions.
• The pre-distorter is channel independent and can be used for every output frequency.
• The pre-distorter is independent from the HPA type, frequency, and power technology (Solid State, TWTA), class (A, AB, ...).
• The pre-distorter does not require extra power, extra amplifiers nor does it introduces any loss in the main signal, as in the feed-forward technique.
• The pre-distorter is completely digital resulting in a very stable product that does not require alignment or tuning. It results in a product that is totally insensitive to environmental variations.
• The pre-distorter is capable of be augmented with adaptive circuitry that does not require training or periodic sequences to become a fully automatic corrector.
II. HPA Modelization and Predistortion
A non linear HPA can be characterised by its envelope distortion curves AM/AM and AM/PM [5] . The RF input to an HPA x(t) is expressed by :
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The corresponding output y(t) is expressed by
where G and Ψ are respectively the AM/AM and AM/PM distortion curves. The distortion curves of the Itelco DAB Amplifier considered in this work are shown in Fig.1 where the axis is normalised with respect to the Maximum Output Power.
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Fig.2 Predistorted Amplifier Distortion Curves
If the amplifier exhibits non linear characteristics invariable with time, a fixed predistorting device, as previously considered, is enough to achieve good linear performance. However the amplifier distortion curves G and Ψ change in practice due to age, temperature, power level, frequency change and so on. This means that the predistorting device has to adapt its non linear functions H and Φ to follow the changing of the amplifier characteristics. A schematic representation of the Itelco predistorted device, including adaptivity is shown in Fig.3 . The logic of adaptivity is based on the comparison of the Input to Output of the overall system : this error is used to make the predistorting curves follow the HPA non linearity variations. 
III. Signal Modulation
The predistorter performance has been tested focusing our attention on OFDM modulation even if similar considerations hold for other single carrier modulations with non constant envelope like QAM, 8VSB and so on. The results obtained for the DAB (Digital Audio Broadcasting) Transmission Mode I ( briefly summarised in Tab.1) will be presented. An OFDM signal is very sensitive to AM/AM and AM/PM distortions because of its non-constant envelope. This fact can be placed in evidence recalling that an OFDM base-band signal is expressed by [8] , [9] [
where N is the carrier number and [ ] 
[11], [12] , as illustrated in Fig.4a and
where P x = 2 2 α is the mean power of the complex base band signal [ ] ! x k . The important consideration arising from Fig.4 is that the envelope of the OFDM signal varies on a very large dynamic (i.e. reaching the maximum value when all the sinusoids add in phase). This implies that even if an ideal predistortion is achieved by means of Fig.2, it will not be possible to avoid the clipping introduced on the signal envelope by the soft-limiting saturation: in practice an OFDM signal also forces the predistorted amplifier to be operated with a Back-Off from its maximum output power. IBO 
and the probability p SAT to be in saturation zone is [11] { } 
If the IBO is reduced the clipping phenomenon occurs frequently as illustrated in Fig.4b : consequently the non linear distortions introduced become more relevant until completely masking the action of the predistorting device.
IV. Simulation Strategy
The proposed predistorting technique, has been computer modelled to identify its potential performance and to set the goals for the Itelco device. The results reported here take into account the project parameters and the digital components utilised in the practical predistorter. The primary parameters that influence the project performance are: It is also noteworthy that a DAB communication system can tolerate In-Band distortions up to -25 dBc (i.e. dB from each carrier level) without a significant penalty in terms of BER as shown by laboratory tests. The results obtained by simulations can be compared both at a fixed OBO or at a fixed ACI level. In the first case the improvement provided by the predistorter is in ACI level for a fixed output power; this improvement in ACI reflects a lover cost of the RF Output Filter needed to insure the Emission Mask of Fig.5 . In the second case, the improvement consists in increased output power with the same ACI level.
V. Simulations Results
The simulations results are summarised in Fig.8 ) show that the predistorting device does not yield a benefit in the In Band Distortion (IBD) for OBO value of about 3.5 dB: this is because the back-off is too small and the predistorter is driven into clipping by the OFDM signal. Figure  ( c) and (d) correspond to a more realistic operating configuration with the OBO equal to 6 dB: a 3 dB improvement on the IBD and a 10 dB improvement on the ACI is realised.
The benefit of using a predistorting device becomes more evident if the OBO is increased : this fact arises from figure (e) and (f) where a back-off of about 7.7 dB is imposed. These results were predictable considering that it is possible to divide the non linear distortion introduced by a power amplifier in two different categories : the first one originates by the non-linear behaviour of the AM/AM and AM/PM curves while the second depends only on the saturation imposed by the AM/AM curve. The first type of distortions can be effectively counteracted by the predistorter while the second cannot be avoided in any way. 
VI. Hardware Description & Measurements
The photo shows the ITELCO Predistorting Device implemented on a single board. Two additional circuit boards will have to be implemented to accomplish the full adaptive predistorter as showed in Fig.3 : one for converting the HPA RF output to Base Band, and the other for the Input-Output Error Control. The Predistorting Board of Fig.7 has been developed with an interface to accommodate the input from the Error Control Board.
Fig.7 Photo of the Predistorter Prototype
Hereafter are also shown the Spectrum Analyser measurements of the amplifier output with and without predistorter (see Fig.7b ). The predistorter has to compensate the Class A amplifier characterised by the AM/AM and AM/PM shown in Fig.1 . The measurements reported in this context are referred to a 50 Watt average output power, that corresponds to about 6 dB of OBO for the amplifier. The measurements (shown in Fig 7.b) are obtained without any RF filtering and are in good agreement with the simulation results of Fig.8 . However, the output spectrum for the predistorted amplifier exhibits a better ACI improvement in the left zone than in the right one. This asymmetry should depend on the filtering stages between the baseband predistorter and the RF amplifier which need of a more careful designing to not vanish the predistorting action. Thus, we expect to obtain even better performance by the final adjustment of all the transmitting system.
VII. Conclusions
An effective technique to counteract HPA non linear distortions has been presented: it has shown good performance for a DAB signal which is characterised by an high peak-to-mean power ratio. However it is noteworthy that the proposed approach is independent from the modulation technique as it belongs to the category of "signal predistortion". Therefore the same predistorter can be also used with DVB signals or with single carrier modulations like 8-VSB. For DVB signals the same OBO versus IMD, like for DAB, should be achievable with the appropriate changing of the predistorter working frequency. For an 8-VSB modulation lower OBO is expected for the same IMD: this is due to the lower peak-to-mean power ratio of a single carrier 8-VSB signal compared to a multi-carrier OFDM signal. The realised predistorter can therefore be seen as a general base-band stand alone device, that can operate in any transmission system: it only requires a non-distorting BB to RF chain from the predistorter output to the RF amplifier input. It means that the operating bandwidth of each element in the chain has to be wide enough to work with the predistorted signal bandwidth which is wider than the undistorted one. Measurements on the final Itelco device will be available soon: a comparison between simulations and the real device performance will be presented in a future work. Moreover, it is our aim to analyse also the BER performance for DAB, DVB and 8VSB systems with and without predistortion. Fig.8 (a)(b 
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